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Objective: To delineate the natural history of infrarenal aortic aneurysms with respect o growth rate. 
Methods: A referral based series of 233 patients with abdominal aortic aneurysm was serially assessed by abdominal 
ultrasound. 
Results: The mean age was 71 years and the median follow up 26 months (range 6-146). The mean growth rate of the series 
was 3.2ram~year. Division of the initial size into those less than 41 mm (128 patients), between 41-60 mm (92 patients) 
and those above 60 mm (13 patients) in AP diameter showed mean growth rates per year were 2.6 mm/year, 4.1 mm/year 
and 6.5 mm/year. Examination of the relationship between aneurysm size and subsequent growth rate over the whole study 
period revealed a rank correlation of 0.19 (p = 0.002). Aneurysms were also observed to expand at an erratic rate both in 
terms of time and size. 
Conclusions: When the initial decision is to observe the patient, serial ultrasound examinations facilitate later judgements 
on the balance of risks in relation to surgical treatment. 
Introduction 
Following the elective repair of infrarenal aortic 
aneurysms a mortality of less than 5% can be 
achievedJ -4 This, however, depends critically on 
patient selection which in turn depends on the balance 
between the risk of operation and the risk of rupture. 
This is particularly important in a high risk popula- 
tion. Two factors related to the aneurysm itself are 
crucial to the decision regarding operation, the rate of 
expansion and the risk of rupture. With regard to the 
former, the reported mean expansion rates vary 
widely; referral-based studies recording rates of 4 to 
5.7 mm 5-7 in contrast o community-based studies 
which report rates of 1.3 to 2.2 mm/year. 8-~° 
The aim of this study was to assess prospectively 
the natural history of a large series of referral-based 
infrarenal aortic aneurysms of varying sizes in terms 
of their growth rates as measured by ultrasound. 
Methods 
A series of 233 patients referred to the Vascular 
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Surgery Unit, The Royal Infirmary, Edinburgh, (a 
supraregional service covering a population of 1.2 
million) who were not considered for early aneurysm 
resection were studied prospectively. This included 
small aneurysms and patients who either refused 
surgery or were initially considered, ue to a range of 
factors not to be candidates for operation. Patients 
were defined as high risk on the basis of intractable 
heart failure or angina, myocardial infarction within 6 
months, dyspnoea on minimal exertion, renal insuffi- 
ciency, a malignancy with a life expectancy less than 2 
years, stroke with major neurological deficit, age 
greater than 85 in isolation or age greater than 80 if in 
combination with another severe risk factor. The 
patients underwent at least two ultrasound examina- 
tion and measurements of an infrarenal aortic aneu- 
rysm as part of their care. In all patients the maximum 
external anteroposterior, transverse diameter and 
length were measured using a 3.5 MHz sector trans- 
ducer on the Acuson 128 ultrasound scanner. The 
maximum external anteroposterior diameter was used 
to assess changes in size. 
As post mortem examination i formation concern- 
ing cause of death was unavailable in many cases and 
it is believed that knowledge of the presence an 
aneurysm ay unfairly bias the cause of death "11 the 
risk of rupture was therefore not calculated. 
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Results 
Two hundred and thirty three patients had two or 
more ultrasound scans performed (median 4, range 
2-15). There were 153 males and 80 females with a 
mean age of 71 years (range 41-88 years). The median 
follow-up period was 26 months (range 6-146 
months). The median anteroposterior diameter (AP) at 
first scan was 40.0 mm (range 15-83 ram) with a mean 
+ S.D. of 42.1 +- 11.3 (Fig. 1). Pearson correlation 
matrix between the initial anteroposterior and trans- 
verse diameter of the aneurysm revealed an R value of 
0.834 (p = 0.001) in the 146 patients in whom both 
measurements were available. Accepting that ultra- 
sound has a margin of error of + 0.5 cm, 12 53 (22.7%) 
aneurysms did not change beyond this range over a 
median period for this patient group of 15 months 
(range 4-54 months). The overall mean growth rate 
was 3.2 mm/year. Division of the initial size into those 
less than 41 mm (128 patients), between 41-60 mm (92 
patients) and those above 60 mm (13 patients) in AP 
diameter showed mean growth rates per year were 2.6 
mm/year, 4.1 mm/year and 6.5 mm/year. Examina- 
tion of the relationship between aneurysm size and 
subsequent growth rate over the whole study period 
revealed a rank correlation of 0.19 (p = 0.002) (Fig. 2). 
Aneurysms were observed to expand at an erratic 
rate both in terms of time and size. This has been 
illustrated in Fig. 3, which shows the change in AP 
diameter from initial AP diameter in three groups of 
patients in whom five or more ultrasound examina- 
tions have been performed within a 60 month period. 
Group I consists of all aneurysms whose initial 
diameter was equal to or less than 30 mm, group III 
consists of aneurysms whose initial diameter was 
equal to or greater than 60 mm, the middle group II 
was selected as being approximately in the middle of 
the size range. 
During the study period 33 patients died, 39 
underwent aortic replacement, 39 were lost to the 
study for a variety of reasons and 122 are still under 
review. 
Discussion 
The mean growth rate in the present series of 3.2 mm/ 
year is below the usual range for previously reported 
referral based series of 4.0 to 5.7 mm/year 5-7 yet still 
above that of community-based studies of 1.3 to 2.2 
mm/year. 8-1° The reason for the difference in mean 
growth rate between referral based and community 
based series is possibly due to a smaller initial median 
aortic diameter in screening studies. However, it has 
been claimed that ultrasound may underestimate the 
size of aneurysms, 13"14 therefore the smaller the 
aneurysm the greater the relative inaccuracy. The 
correlation between initial diameter and subsequent 
expansion rate, with larger aneurysms expanding 
more rapidly than small has been shown in previous 
studies. 15-18 The aneurysm size in relationship to the 
diameter of the individual's non-aneurysmal aorta is 
believed to be more predictive of growth than the 
absolute size. 19 The relationship between aneurysm 
size and expansion is thought to be exponential rather 
than linear with the expansion rate accelerating asthe 
size increases. 18This concept is supported by the data 
in of the present series. Conversely when the data was 
examined for a relationship between increase in size 
during each time period and the size of the aneurysm 
at the beginning of each period no correlation could be 
demonstrated. Delin et al. made a similar observation 
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Fig. 2. Initial anterioposterior diameter and subsequent mean 
growth (ram). 
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in a much smaller study of 35 patients followed-up by 
means of computed tomography. ~°This lack of corre- 
lation may simply be the result of a greater effect of 
interobserver variability (5-7mm ~2'2~) due to the 
smaller size changes within each shorter time period, 
as compared with the longer time frame and therefore 
larger size changes when the data were analysed over 
the whole study period. 
Although not strictly applicable to an aneurysm, the 
Law of Laplace has been used to explain the growth 
rate of aneurysms and its relationship to size. This law 
states that the tension in the wall is proportional to 
luminal pressure and radius, being inversely propor- 
tional to the wall thickness. ~2 However, as can be seen 
by the low rank correlation of 0.19, other possibly 
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Fig. 3. Changes from initial aneurysm AP diameter with time. (a) 
initial aneurysms less than or equal to 30 turn; (b) initial aneurysm 
diameter between 38 and 42 mm; (c) initial aneurysm diameter 
greater than or equal to 60 ram. 
more important factors, such as wall tensile strength 
or compliance may be in operation. 
In this study the growth rates of different aneu- 
rysms were highly variable as were the growth rates of 
individual aneurysms at different ime ~eriods, which 
is in agreement with earlier findings. 3 It has been 
suggested that aortic dilatations of less than 35 mm 
need only be scanned annually, ~5 however, as can be 
seen in Fig. 2, even at this size there are recorded 
growth rates of, in one case, 70 mm/year .  Further, it is 
not yet possible to predict which aneurysm will 
exhibit a rapid increase in size and when this is likely 
to occur. 19 However, as the rapid growth of small 
aneurysms has not been proven to be dangerous, a
sliding scale of frequency of measurement according 
to size and rate of growth is proposed (Fig. 4). Indeed 
in one of the most recent publications on the same 
subject 24 independently recommend a similar 
approach with yearly scans if the aneurysm is between 
3.0-4.4 cm and 3 monthly if between 4.5 and 5.9 cm. 
They also added criteria for intervention amely a 
growth rate of 1 cm or more per year, or the 
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Fig. 4. Suggested "sliding scale" of frequency of measurement 
according to size and rate of growth of an aneurysm. 
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development of symptoms. However, with respect to 
a growth rate of 1 cm or greater, it can be seen from 
Fig. 3 that this is not necessarily a sign of constant 
increase in size and in fact has no independent 
predictive value on growth rate in subsequent ime 
periods even in a referral based population. 
In everyday clinical practice the perceived relation- 
ship between size and the risk of rupture is used as a 
guide as to when to operate. The diameter at which 
the risks of surgery no longer outweigh the risks of 
rupture is a very patient specific matter, both in terms 
of personal risk factors and the risk from their 
aneurysm, and a matter of clinical judgement. The 
diameter at which the balance swings toward opera- 
tion cannot therefore be precisely stated. The UK 
Small Aneurysm Study is attempting to give a broad 
answer to this question and will perhaps provide the 
basis for a consensus. However, the findings in the 
present study indicate that regular monitoring of 
aneurysms may facilitate decisions on the need for 
surgery and the timing of the operation. 
Other factors which influence the rate of expansion 
of aneurysms have been reported to include patient 
height and weight, aneurysm wall thickness, absence 
of distal arterial obstruction and family history of 
aneurysm, the latter being a risk factor for sudden size 
change. ~9 Arterial hypertension has been shown to be 
associated with rupture, 7 but was not found to be 
associated with rate of growth. 19 Further, Cronenwett 
reported that many patients with rapidly expanding 
aneurysms did not rupture, while other patients with 
slow growing aneurysms did. 7 It would therefore 
appear that on present knowledge the growth rate of 
an individual aneurysm is essentially unpredictable 
and therefore its relationship to rupture is likewise 
unpredictable. 
Despite the documented variability of ultrasonic 
measurement i remains a sufficiently accurate, fast, 
simple, and relatively inexpensive method of repeated 
assessment. It is clear that the majority of aneurysms 
continue to expand and that repeated ultrasound 
examination is required if surgical treatment is to be 
tailored to the patient. 
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